'119 SUMMWARY 1. Methods are described for the estimation of protein turnover in Escherichia coli by the use of strains with specific amino acid requirements.
It has been shown previously (Pennington, 1957 , and independently by Masoro, Felts, Panagos & Rapport, 1957) that acetate metabolism in rat-liver slices is strongly inhibited by propionate and, to a lesser extent, by other short-chain fatty acids. These investigations did not reveal the mechanism of the inhibition. The formation of 14C02 from [2-14C]pyruvate was much less affected by propionate than was its formation from [carboxy-14C]-acetate (Pennington, 1957) , thus indicating that propionate (or a product of propionate metabolism) inhibits acetate metabolism by blocking the formation of acetyl-coenzyme A. It seems likely, however, that other interactions are also involved, since Masoro et al. (1957) found that the incorporation of isotope from labelled acetate into higher fatty acids was inhibited by propionate to a lesser extent than the incorporation of isotope into carbon dioxide. This was confirmed by the present authors (unpublished work).
As a step towards elucidating the mechanism of the inhibitory action of propionate, further experiments have been carried out with homogenates and soluble preparations from liver.
EXPERIMENTAL
Preparation and incubation of tissue slices. Tissue slices were cut by hand and incubated as described previously (Pennington, 1957) . To facilitate approximate comparison with the activity of the homogenates (which usually corresponded to 100 mg. of wet tissue) the results obtained with slices were corrected to 20 mg. (dry wt.).
Preparation of homogenates. These were prepared by homogenizing the tissue in 9 vol. of 0-25M-sucrose for 2 min. in a glass homogenizer. The clearance between the walls was about 01 mm. and the pestle was driven by a 5o h.p. motor; the specified speed of the motor (without load) was 2000 rev./min. and it was set at about twothirds of its maximum speed. The tube was immersed in ice-water during the process.
Preparation of mitochondria. Homogenates, prepared as above, were centrifuged at 600 g for 10 min. to remove larger particles. The supernatant was centrifuged at 12 000 g for 15 min. and the mitochondria were resuspended in 0-25m-sucrose (one-half of the volume of the original homogenate). The centrifuging and resuspending were repeated twice.
Incubation of homogenates or mitochondria. The vessels usually contained: potassium phosphate buffer (pH 7.2), 10 mm; NaHCO3, 10 mM; MgCl,, 4 mM; adenosine triphosphate (ATP), mm; cytochrome c, 0-013 mm; potassium fumarate, mm. The total volume was 3 ml., including 1 ml. of the tissue preparation. Sufficient sucrose was added to ensure that the medium, after the addition of the tissue preparation, was isotonic with 0-25M-sucrose. The gas phase was 02 + C02 (95:5) , and the vessels were shaken at 380 for 1 hr. Further additions to the medium and any variations from the above procedure are indicated in the tables.
Measurement of acetate or propionate metabolism. The collection of 14CO2 and measurement of its radioactivity were carried out as described previously (Pennington, 1957) . In some experiments with homogenates or mitochondria the quantity of 14C trapped in metabolic pools was also measured, a procedure similar to that of Aisenberg & Potter (1955) being used, involving determination of the non-volatile radioactivity in the protein-free filtrate.
In a few experiments the radioactivity in acetoacetate [C(23-(4) ] was measured as previously described (Pennington, 1957 ).
Experiments with cell-free extracts. Acetone-dried powders were prepared, extracted and aged according to Kaplan & Lipmann (1948) . The following medium was used for studying the acylation of sulphanilamide: 2-amino-2-hydroxymethylpropane-1:3-diol-HCl buffer (tris), 0-2M (a 1-SM solution of this buffer was pH 8 at 380); MgCl2, 10 mx; cysteine, 10 mmr (a freshly prepared solution of cysteine hydrochloride, which was adjusted to approx. pH 8 with KOH, was used); ATP, 5 mm; sulphanilamide, 0-4 mmr; NaF, 50 mmr; coenzyme A, 0-05 mm. The appropriate enzyme preparation and fatty acid or acias were also present; the concentration of each fatty acid was 10 mm. The total volume was 1-5 ml. The mixtures were incubated for 2 hr. at 380 and the remaining free sulphanilamide was determined on a trichloroacetic acid filtrate by the method of Bratton & Marshall (1939) .
Materials. ATP (cryst. disodium salt) and coenzyme A (approx. 75% pure) were products of Sigma Chemical Co., St Louis, Mo., U.S.A.
Each result given in the tables represents the average obtained from two vessels. The tissue used in each numbered experiment, except in Tables 5 and 6 , was obtained from a single animal. RESULTS Table 1 shows that the conversion of the carboxyl group of acetate into CO2 by rat-liver homogenates was inhibited by propionate. The inhibition was even greater than that previously observed in slices (Pennington, 1957) Effect of propionate in ceU-free extract8. The marked difference between the effects of propionate on acetate and pyruvate metabolism in ratliver homogenates made it appear likely that propionate blocked the formation of acetylcoenzyme A from acetate. To attempt to confirm this and investigate the nature of the inhibition, the effect of propionate on the acetylation of sulphanilamide by cell-free liver preparations was measured. Such acetylation is usually very feeble in rat liver, and therefore an aged extract of ratliver acetone-dried powder, together with an acetone-precipitated fraction of pigeon-liver extract containing the amine-acetylating enzyme, but free from acetic thiokinase, was used. The amount of the pigeon-liver fraction used was sufficient to give the maximum acetylating activity obtainable with the quantity of the rat-liver extract present. The I958 122 Table 5 . Acylation of 8ulphanilamide by liver preparations Acvlation was measured after incubation of the preparations for 2 hr. at 380 in the medium described in the Experimental section. The amounts used were: pigeon-liver extract, 0-25 ml.; rat-liver extract, 01 ml.; pigeon-liver fraction (50-60% acetone fraction of pigeon-liver extract), 0-2 ml. Chou & Lipmann (1952) and the fraction which precipitated at between 50 and 60 % of acetone was used. This fraction, when used alone, did not acetylate sulphanilamide. Initially, some attempts were made to use chicken liver as a source of the amine-acetylating enzyme. A higher acetone concentration (60-75 %) than is effective with pigeon liver was necessary to precipitate the enzyme. However, although the fraction obtained thus was free from acetic thiokinase, the amount of the amine-acetylating enzyme present in chicken liver was only about one-quarter of that found in pigeon liver and the latter was used for the experiments reported. The amine-acetylating enzyme appears to be absent from sheep liver, since sheep-liver slices failed completely to acetylate sulphanilamide. Table 5 shows that acylation of sulphanilamide by pigeon-liver extract or the combined preparations was obtained in the presence of propionate as well as of acetate. Hence, to determine the effect of propionate on acetylation, it was necessary to distinguish between acylation from acetate and propionate where both are present. To do this, [carboxy-14C] acetate and unlabelled propionate were used in the incubation mixture. After incubation, the protein was precipitated with Ba(OH)2 + ZnSO4 and the filtrate evaporated to about 1 ml.
Potassium hydrogen phthalate (1 ml., 0-2M), MgSO4,7H20 (about 2 g.), acetic acid (0-25 ml., 2 N) and bromophenol blue were added, the mixture adjusted to pH 3-8-3-9 and rapidly steamdistilled in a Markham still. When at least 95 % of the acetic acid had distilled over (about 75 ml. of distillate) a further 0-25 ml. of acetic acid was added and the distillation repeated. Separate experiments showed that acetylsulphanilamide was hydrolysed to only a slight extent by this procedure.
The liquid was removed from the still and H2SO4 added to a concentration of approx. N. It was heated under reflux for 1 hr. in boiling water to hydrolyse the acetylsulphanilamide. The liquid was then steam-distilled and the distillate neutralized, evaporated to dryness and its radioactivity measured. The weight of the residue was not large enough to necessitate a correction for self-absorption. Such an action of propionate is not supported by the relatively small inhibition of acetylation obtained with the soluble preparations. It is, however, not necessarily excluded by this result; two possibilities might be suggested. Inhibition may be caused, not by propionate, but by a metabolite of propionate such as propionyl-coenzyme A, which may occur in much higher concentration at the active enzyme site in the mitochondria than is attained in the soluble system. The relatively slow oxidation of propionate by rat-liver homogenates may result in the accumulation of an intermediate in greater concentration than would occur if the metabolism of propionate proceeded normally. A second possibility is suggested by the work of Aisenberg & Potter (1956) , who found that activation of acetate by the enzyme in rat-kidney mitochondria was more sensitive to fluoride than was activation by the enzyme in the supernatant fraction of the cells. It is conceivable that a parallel situation occurs in rat liver, i.e. that the cell contains two acetic thiokinases and the one within the mitochondria is more susceptible to inhibition by propionate. Butyrate was a less powerful inhibitor of oxidation of acetate.
2. The oxidation of [2-_4C]pyruvate was affected to a much smaller extent by propionate, although the incorporation of isotope into acetoacetate was largely suppressed.
3. Oxidation of acetate was strongly inhibited by propionate in sheep-liver homogenates; in pigeon-liver homogenates the inhibition was much less.
4. The oxidation of propionate by rat-liver homogenates was much slower than its oxidation by sheep-or pigeon-liver homogenates.
5. The acetylation of sulphanilamide by a ratliver extract, together with an acetone fraction of pigeon liver containing the amine-acetylating enzyme, was inhibited to only a relatively small extent by propionate.
6. The very low rate of oxidation of acetate by rat-liver homogenates in the presence of propionate was increased by the addition of coenzyme A.
